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Abstract 
Objective: To determine the prevalence of circadian BP patterns and to assess 
factors associated with the non-dipping pattern in untreated and treated 
hypertensive patients, studied separately. Methods: Clinical data and ABPM 
were obtained from 52 untreated and 168 treated hypertensive patients re-
ferred for ABPM to Monkole Hospital in Kinshasa. Twenty-four ABPM was 
performed using an oscillometric device. Non-dipping pattern encompasses 
non-dipping (nocturnal systolic BP dip less than 10% of daytime systolic BP) 
and reverse dipping (mean night SBP higher than the day SBP). Results: the 
prevalence of non-dipping pattern was 75% (63.5% non-dipping and 11.5% 
reverse dipping) and 70% (60.1% non-dipping and 10.1% reverse dipping) in 
untreated and treated hypertensive patients, respectively. Advanced age (ad-
justed OR 1.80; 95%CI 1.96 - 3.38; p = 0.015), female sex (adjusted OR 2.28; 
95%CI 1.19 - 4.36; p = 0.013), diabetes (adjusted OR 5.06; 95%CI 1.38 - 6.95; p 
= 0.014), reduced kidney function (adjusted OR 3.10; 95%CI 1.50 - 6.43; p = 
0.018), inflammation (adjusted OR 2.65; 95%CI 1.76 - 6.48; p = 0.031), LVH 
(adjusted OR 4.45; 95%CI 1.78 - 7.67; p = 0.024) and antihypertensive therapy 
(adjusted OR 0.19; 95%CI 0.12 - 0.64; p = 0.018) emerged as the main inde-
pendent factors significantly associated with the non-dipping pattern in the 
study population. Conclusion: the non-dipping pattern was a common find-
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ing in studied patients and associated with traditional and emerging risk fac-
tors suggesting that this abnormal pattern could be a marker of high cardi-
ovascular risk. 
 

Keywords 
Non-Dipping, Prevalence, Risk Factors, Hypertension, Black Africans 

 

1. Introduction 

Accurate assessment of blood pressure (BP) is essential to the diagnosis, progno-
sis and treatment of hypertension [1]. In this regard, ambulatory BP monitoring 
(ABPM) has become a useful tool for therapeutic decision making in hyperten-
sive patients and other subjects at high risk for cardiovascular disease (CVD) [1]. 
In both untreated and treated hypertensive patients, ABPM offers more accurate 
prognostic information on cardiovascular outcomes than office readings [1]. In 
addition to mean 24-hour BP, ABPM provides also useful information on the 
variation in the day to night BP pattern known as dipping status, a powerful 
predictor of both target organ damage and cardiovascular events [1]. Indeed, 
subjects with a blunted nocturnal BP decrease (<10%) known as “non-dippers” 
or even those with an increased BP during the night known as “reverse dippers” 
have been reported to be at an increased risk of CV events and mortality [1] [2]. 
Therefore, assessing BP dipping status in untreated and treated hypertensive pa-
tients bears an important prognostic and therapeutic value [1] [2]. 

In the Democratic Republic of the Congo (DRC), a post-conflict country con-
fronted with multiple social and economic challenges and with limited re-
sources, hypertension [3] [4] [5] has become a major public health problem as-
sociated with a high morbidity and mortality mainly due to poor BP control [6] 
[7] [8] [9]. Therefore, the accurate identification of true hypertension in newly 
diagnosed patients and its control in those already on treatment as well as the 
assessment of circadian BP patterns are of prognostic and therapeutic impor-
tance, especially in resource-poor settings. Despite its well-known limitations, 
the diagnosis and management of hypertension relies still on the office blood 
pressure. Therefore, we took advantage of the availability of ABPM devices at 
Monkole Hospital, a secondary level hospital, to assess the BP profile of hyper-
tensive patients referred for 24-hour ABPM. The objective of the present study 
was to determine the prevalence of circadian BP patterns and identify factors 
associated with the non-dipping status in untreated and treated hypertensive pa-
tients studied separately.  

2. Patients and Methods 

We retrospectively review files of patients (≥18 years old) who had undergone 
ABPM from July 2014 to December 2015. Variables collected for each patient 
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based on interviews, physical examination at the time of the first visit and on 
data drawn from clinical records were sex, age, educational level, medical history 
hypertension, diabetes, smoking and alcohol intake, echocardiographic data (left 
ventricular hypertrophy/LVH, Ejection fraction/EF, Shortening fraction/SF), 
height and weight for calculation of body mass index (BMI), office systolic and 
diastolic BP, drug history, mean day time systolic (diastolic) ambulatory BP, 
mean night time systolic (diastolic) ambulatory BP. Those who smoked at least 
one cigarette per day at the time of consultation were classified as active smoke-
rs. The drug history included the number, name and class of the antihyperten-
sive medications.  

Seated office BP (OBP) measurement was taken on the left arm by a trained 
nurse after 5 minutes of rest, using an automated electronic sphygmomanometer 
(OMRON M3 HEM-7200-E Omron Matsusaka Co. Ltd., Kyoto, Japan). Three 
consecutive BP measurements were taken with one minute interval between 
readings and the average of the 3 values was considered as the office BP. 24 h-ABPM 
was performed using a commercially available system (Space Labs 90207 sys-
tem). A typical weekday was chosen for different patients and normal daily ac-
tivities were allowed. BP was recorded during the day for every 15 minutes (from 
07:00 to 21:00) and every 30 minutes during the night (from 21:00 to 07:00). The 
mean systolic (SBP) and diastolic BP (DBP) was calculated for daytime and night 
time within 24 hrs of recording. ABPM records were considered valid only if the 
number of BP recordings were at least 70% of the expected readings assessed as 
valid by the software analysis; otherwise patients underwent a second recording. 
A normal dipping pattern (dipper) was diagnosed when the reduction in the av-
erage SBP during the night period was >10% of mean SBP during the day. When 
this proportion was >20%, the patient was classified as an extreme dipper. An 
abnormal dipper pattern (non-dipper) was diagnosed when the night average 
SBP reduction was <10% with respect to day values. When the mean night SBP 
was higher than the day one, the patient was classified as a riser or reverse dip-
per. Dipper and extreme dipper defined “dipper” pattern whereas non dipper 
and reverse dipper were considered “non-dipping pattern” for analysis [1]. 

Statistical analyses were performed using the Statistical Package for Social 
Sciences (SSPS Inc., Chicago, Illinois, USA) version 17.0 software. Results are 
summarized as counts and percentages for qualitative variables and as mean ± 
standard deviation (SD) for quantitative variables. Comparisons of means and 
proportions were done using Student t-test and chi-square test, respectively. In-
dependent factors associated with non-dipping pattern were assessed using mul-
tivariate logistic regression analysis. A p-value ˂ 0.05 defined the level of statis-
tical significance. 

3. Results  

Table 1 gives clinical characteristics of the study population as a whole and ac-
cording to antihypertensive therapy status. Two hundred twenty patients (Mean  
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Table 1. General characteristics of the study population as a whole and according to an-
tihypertensive therapy. 

Variable N All 
Untreated 
(n = 52) 

Treated 
(n = 168) 

p 

Age, year 220 53.6 ± 11.6 48.9 ± 12.2 55.1 ± 11.6 0.001 

Gender, n (%) 220    0.121 

M  115 (52.3) 23 (44.2) 92 (54.8)  

F  105 (47.7) 29 (55.8) 76 (45.2)  

Alcohol, n (%) 220 80 (36.5) 22 (43.1 58 (34.5) 0.170 

Smoking, n (%) 220 28 (12.8) 6 (11.8) 22 (13.1) 0.509 

Diabetes, n (%) 220 67 (30.5) 13 (25.0) 54 (32.1) 0.212 

BMI, Kg/m2 220 28.9 ± 4.6 28.8 ± 5.0 28.9 ± 4.5 0.904 

Obesity, n (%) 220 81 (36.8) 17 (32.7) 64 (38.1) 0.296 

Dyslipidemia, n (%) 208 109 (49.5) 27 (51.9) 82 (48.8) 0.408 

LVH, n (%) 214 88 (41.1) 17 (34.7) 71 (43.0) 0.191 

Hypertensive retinopathy, n (%) 207 77 (37.2) 16 (34.0) 61 (38.1) 0.371 

Office SBP, mm Hg 220 144.0 ± 20.4 144.6 ± 20.3 143.8 ± 12.9 0.814 

Office DBP, mmHg 220 88.8 ± 13.0 89.3 ± 13.2 88.7 ± 13.0 0.762 

24H ABPM SBP, mm Hg 220 133.0 ± 12.9 132.3 ± 10.9 133.2 ± 13.5 0.647 

24H ABPM DBP, mm Hg 220 86.8 ± 10.3 85.8 ± 8.4 87.1 ± 10.9 0.425 

Hb, g/dl 170 12.5 ± 1.6 12.6 ± 1.4 12.4 ± 1.7 0.414 

Anemia, n (%) 170 24 (14.1) 4 (8.2) 20 (16.5) 0.117 

HbA1c, % 41 7.1 ± 1.8 7.2 ± 2.6 7.1 ± 1.6 0.927 

CRP, mg/l 213 5.0 ± 1.3 5.1 ± 1.2 5.0 ± 1.5 0.948 

CRP > 3 mg/l, n (%) 213 121 (55.0) 38 (73.1) 83 (49.4) 0.002 

TC, mg/dl 208 203.5 ± 41.9 205.0 ± 39.5 203.1 ± 42.8 0.774 

LDL-c, mg/dl 208 130.7 ± 38.8 130.7 ± 37.5 130.6 ± 39.4 0.986 

HDL-c, mg/dl 208 50.3 ± 14.7 53.9 ± 14.8 49.2 ± 14.5 0.049 

TG, mg/dl 208 112.6 ± 37.5 105.3 ± 37.8 114.9 ± 37.2 0.111 

FPG, mg/dl 163 99.4 ± 31.2 92.3 ± 22.5 102.3 ± 33.8 0.064 

Creatinine, mg/dl 214 1.11 ± 0.8 1.15 ± 0.44 1.10 ± 0.53 0.693 

eGFR, ml/min/1.73 m2 214 95.3 ± 36.8 97.9 ± 30.9 94.5 ± 38.5 0.568 

eGFR < 60 ml/min/1.73 m2 214 36 (16.8) 5 (10.0) 31 (18.9) 0.101 

Proteinuria, n (%) 210 74 (35.0) 16 (34.0) 58 (35.6) 0.495 

Data are expressed as mean ± standard deviation (n) absolute and relative frequency (in percent). Abbrevi-
ations: M, male; F, female; BMI, body mass index; LVH, left ventricular hypertrophy; Hb, hemoglobin; 
HbA1c, glycated hemoglobin; CRP, C-reactive protein; TC, total cholesterol; LDL-c, low-density lipoprote-
in-cholesterol; HDL-c, high-density lipoprotein-cholesterol; TG, triglycerides; FPG, fasting plasma glucose; 
eGFR, estimated glomerular filtration rate. 

https://doi.org/10.4236/wjcd.2017.711038


T. S. Mvunzi et al. 
 

 

DOI: 10.4236/wjcd.2017.711038 403 World Journal of Cardiovascular Diseases 
 

age 53.6 ± 11.6 years; 52.3% men) were included in the present study. Fifty two 
of them (52.2% men; mean age 48.9 ± 1 2.2 years) were not yet receiving antihy-
pertensive therapy whereas 168 patients (52.2%) men; mean age 55.1 ± 11.2 
years) were already on antihypertensive therapy. Monotherapy with mainly cal-
cium channel blockers (CCB), bitherpay with mainly CCB + angiotensin con-
verting enzyme inhibitors (ACEIs) and tritherpay with mainly CCB + ACEI + 
thiazide were present in 36%, 36% and 18.5% of patients, respectively. Office and 
24-H ambulatory BP were in average 144.0 ± 20.4/88.8 ± 13.0 mmHg et 133.0 ± 
12.9/86.8 ± 10.3 mmHg, respectively; mean BMI was 28.9 ± 4.6 Kg/m2. Main 
cardiovascular risk factors were elevated CRP (55%), dyslipidemia (49.5%), ad-
vanced age (48.2%), obesity (36.8%), proteinuria (35.2%) and diabetes (30.5%). 
Treated patients were in average significantly older (55.1 ± 11.6 vs. 48.9 ± 12.2 
years; p = 0.001) than untreated ones; they also had significantly lower HDL-c 
levels (49.2 ± 14.5 vs. 53.9 ± 14.8 mg/dl; p = 0.049) and proportion (49.4 vs. 
73.1%; p = 0.002) of subjects with increased CRP levels.  

Prevalence of different circadian BP patterns are summarized in Figure 1. In 
untreated patients, dipper, non-dipper and reverse dipper patterns were ob-
served in 25%, 63.5% and 11.5% of patients, respectively. The figure in treated 
patients was 29.8%, 60.1% and 10.1% for dipper, non-dipper and reverse dipper 
patterns, respectively. Extreme dipper pattern was not observed in both un-
treated and treated patients. Therefore, the prevalence of dipping (dippers + ex-
treme dippers) and non-dipping (non-dippers + reverse dippers) patterns was 
25% and 75% in untreated patients and 29.8% and 70.2% in those on antihyper-
tensive therapy.  
 

 
(a) 

 
(b) 

Figure 1. Prevalence of circadian blood pressure patterns in untreated (n = 52) (a) and 
treated (n = 168) (b) hypertensive patients. 
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Clinical characteristics of untreated and treated patients according to dipping 
status are depicted in Table 2. Non-dipper and reverse dipper untreated patients 
had a significantly higher proportion (80% for reverse dipper, 35.5% for 
non-dipper vs. 15.4% for dipper patients; p = 0.036) of subjects with LVH. They 
tended to be older and to have a lower proportion of subjects consuming alco-
hol; however, the difference was not statistically significant. Non-dipper patients 
had in addition a significantly higher proportion (48.5% vs. 7.7%; p = 0.003) of 
obese than non-dipper ones. Like untreated patients, non-dipper and reverse 
dipper patients had a significantly higher proportion (43.8% for reverse dipper, 
51.5% for non-dipper vs. 26.0% for dipper patients; p = 0.011) of subjects with 
LVH. They had in addition a significantly higher proportion (62.5% for reverse 
dipper, 37.5% for non-dipper vs. 31.3% for dipper patients; p = 0.031) of subjects 
with hypertensive retinopathy and were older (55.2 ± 13.9 years for reverse dip-
per, 56.6 ± 10.5 years for non-dipper vs. 51.9 ± 10.5 years for dipper patients; p = 
0.046) than dipper ones. 

 
Table 2. Clinical characteristics of the study population according to antihypertensive therapy and dipping status.  

Variable 

Untreated (n = 52) Treated (n = 168) 

Dipper 
n = 13 

Non-dipper 
n = 13 

Reverse  
dipper 
n = 6 

p 
Dipper 
n = 50 

Non-dipper 
n = 101 

Reverse  
dipper 
n = 17 

p 

Age, years 44 ± 9.2 48.8 ± 12.4 58.8 ± 12.2 0.052 51.9 ± 10.5 56.6 ± 10.5 55.2 ± 13.9 0.046 

Gender, n (%)    0.386    0.110 

M 4 (30.8) 15 (45.5) 4 (66.7)  32 (64.0) 54 (53.5) 6 (35.3)  

F 9 (69.2) 18 (54.5) 2 (33.3)  18 (36.0) 47 (46.8) 11 (64.7)  

Alcohol, n (%) 9 (69.2) 10 (31.8) 3 ( 50.0) 0.066 15 (30.0) 39 (38.6) 4 (23.5) 0.352 

Smoking, n (%) 2 (15.4) 3 (9.4) 1 (16.4) 0.543 5 (10.0) 15 (14.9) 2 (11.8) 0.750 

Diabetes, n (%) 2 (15.4) 10 (30.3) 1 (16.7) 0.563 17 (34.0) 28 (27.7) 9 (52.9) 0.112 

BMI, Kg/m2 26.7 ± 5.2 29.8 ± 5.1 27.6 ± 2.6 0.138 28.6 ± 3.7 28.7 ± 4.6 30.7 ± 5.4 0.221 

Obesity, n (%) 1 (7.7) 16 (48.5) 0 (0.0) 0.003 2 (4.0). 32 (31.7) 10 (58.8) 0.055 

Dyslipidemia, n (%) 6 (44.2) 19 (57.6) 2 (33.3) 0.114 20 (40.0) 52 (51.5) 10 (58.8) 0.286 

Daytime BP         

SBP (mmHg) 130.1 ± 8.8 135.5 ± 11.1 130.7 ± 7.1 0.219 133.5 ± 7.7 134.5 ± 14.3 138.6 ± 17.0 0.379 

DBP (mmHg) 86.8 ± 7.1 89.5 ± 8.8 81.8 ± 5.2 0.096 89.6 ± 8.7 88.5 ± 11.3 85.1 ± 13.1 0.853 

Nighttime BP         

SBP (mmHg) 113.9 ± 8.3 130.6 ± 14.0 132.8 ± 17.7 0.001 116.4 ± 7.5 130.7 ± 16.2 146.9 ± 18.6 <0.001 

DBP (mmHg) 71.8 ± 6.4 81.0 ± 9.1 70.3 ± 26.9 0.022 73.8 ± 7.6 80.7 ± 11.2 90.4 ± 13.5 <0.001 

24 h BP         

SBP (mmHg) 126.5 ± 8.7 134.5 ± 11.7 132.5 ± 6.8 0.081 129.9 ± 8.0 133.7 ± 14.5 140.5 ± 17.3 0.016 

DBP (mmHg) 83.2 ± 7.0 87.6 ± 8.9 81.5 ± 5.7 0.115 86.0 ± 8.5 87.3 ± 11.5 89.3 ± 12.9 0.533 

LVH, n (%) 2 (15.4) 11 (35.5) 4 (80) 0.036 13 (26.0) 51 (51.5) 7 (43.8) 0.011 

Hypertensive retinopathy, n (%) 2 (15.4) 11 (35.5) 3 (50) 0.288 15 (31.3) 36 (37.5) 10 (62.5) 0.031 

Data are expressed as mean ± standard deviation, absolute frequency (n) and relative frequency (in percent). Abbreviations: BMI = body mass index; WC = 
waist circumference; LVH = left ventricular hypertrophy. 
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Biological characteristics of the study population according to antihyperten-
sive therapy and circadian BP patterns are depicted in Table 3. Non-dipper and 
reverse dipper untreated patients had in average significantly higher (12.5 ± 1.6 
mg/dl for reverse dipper, 6.5% ± 1.2% for non-dipper vs. 5.1% ± 1.1% for dipper 
patients; p = 0.023) HbA1c levels than dipper ones. They tended to have lower 
eGFR levels than those with dipper pattern; however, the difference was not sta-
tistically significant. Non-dipper and reverse dipper treated patients had in av-
erage significantly higher TG (130.4 ± 39.9 mg/dl for reverse dipper, 119.4% ± 
36.6% for non-dipper vs. 105.3% ± 32.2% for dipper patients; p = 0.021) levels 
and lower eGFR (91.1 ± 48.9 ml/min/1.73 m2 for reverse dipper, 86.9 ± 36.8 
ml/min/1.73 m2 for non-dipper vs. 110.9 ± 33.3 ml/min/1.73 m2; p = 0.001) for 
dipper pattern; p = 0.023) than those with dipper pattern.  

Table 4 summarizes factors associated with the non-dipping pattern in the 
study population as a whole using logistic regression analysis. In univariate 
analysis, advanced age, female sex, diabetes, reduced kidney function (eGFR < 60 
ml/min/1.73 m2), increased CRP levels (inflammation), LVH, antihypertensive 
therapy, obesity and dyslipidemia were significantly associated with the non-dipping 
pattern. In multivariate analysis, the strength of the associations observed in univa-
riate analysis only persisted for advanced age (adjusted OR 1.80; 95%CI 1.96 - 3.38; 
p = 0.015), female sex (adjusted OR 2.28; 95%CI 1.19 - 4.36; p = 0.013), diabetes 
(adjusted OR 5.06; 95%CI 1.38 - 6.95; p = 0.014), reduced kidney func- 

 
Table 3. Biological characteristics of the study population according to antihypertensive therapy and dipping status.  

Variable 

Untreated (n = 52) Treated (n = 168) 

Dipper 
n = 13 

Non-dipper 
n = 13 

Reverse  
dipper 
n = 6 

p 
Dipper 
n = 50 

Non-dipper 
n = 101 

Reverse  
dipper 
n = 17 

p 

Hb, g/dl 12.7 ± 1.1 12.7 ± 1.5 11.9 ± 1.1 0.356 12.8 ± 1.8 12.3 ± 1.5 12.2 ± 2.1 0.322 

Anemia, n (%) 0 (0.0) 3 (9.70) 1 (16.7) 0.294 4 (11.1) 11 (15.5) 5 (35.7) 0.015 

HbA1c, % 5.1 ± 1.1 6.5 ± 1.2 12.5 ± 1.6 0.023 7.3 ± 1.5 7.5 ± 1.7 5.9 ± 1.1 0.082 

CRP, mg/l 4.5 ± 2.1 5.5 ± 2.6 3.8 ± 1.2 0.399 3.3 ± 1.3 5.7 ± 1.4 6.0 ± 1.7 0.154 

CRP > 3 mg/l, n (%) 9 (69.2) 25 (75.8) 4 (66.7) 0.723 14 (28.0) 59 (58.4) 10 (58.8) 0.001 

TC, mg/dl 195.6 ± 33.5 211.1 ± 42.6 187.5 ± 23.1 0.301 195.1 ± 35.4 206.5 ± 43.2 207.8 ± 58.2 0.293 

LDL-c, mg/dl 117.7 ± 25.5 137.6 ± 41.6 116.9 ± 19.8 0.202 122.2 ± 30.4 134.8 ± 41.7 132.4 ± 47.6 0.192 

HDL-c, mg/dl 57.5 ± 15.3 53.3 ± 15.1 48.7 ± 11.6 0.509 51.4 ± 15.7 47.8 ± 13.3 50.8 ± 17.2 0.325 

TG, mg/dl 109.8 ± 59.7 101.1 ± 42.6 109.5±41.5 0.682 105.3 ± 32.2 119.4 ± 36.6 130.4 ± 39.9 0.021 

FPG, mg/dl 84.9 ± 11.9 93.2 ± 17.5 101.4 ± 48.9 0.340 104.3 ± 39.9 98.4 ± 29.1 116.7 ± 37.6 0.167 

Creatinine, mg/dl 0.82 ± 0.23 1.30 ± 0.70 1.00 ± 0.20 0.564 0.90 ± 0.20 1.20 ± 0.60 1.10 ± 0.50 0.005 

MDRD-eGFR, ml/min/1.73 m2 116.1 ± 31.5 91.1 ± 30. 1 98.3 ± 21.8 0.054 110.9 ± 33.3 86.9 ± 36.8 91.1 ± 48.9 0.001 

Proteinuria, n (%) 3 (27.3) 11 (36.7) 2 (33.3) 0.133 14 (29.2) 37 (37.8) 7 (41.2) 0.510 

Data are expressed as mean ± standard deviation, absolute (n) and relative (in percent) frequency. Hb: hemoglobin; HbA1c, glycated hemoglobin; CRP: 
c-reactive protein; TC: total cholesterol; LDL-c: low-density lipoprotein-cholesterol; HDL-c: high-density lipoprotein-cholesterol; TG: triglycerides; FPG: 
fasting plasma glucose; MDRD: modification of diet in renal disease; eGFR: estimated glomerular filtration rate. 
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Table 4. Univariate and multivariate factors associated with non-dipping (non-dipper + 
reverse dipper) pattern in the study population as a whole in logistic regression analysis. 

Variable p OR (IC95%) p aOR (95%CI) 

Advanced age* (yes vs. no) 0.023 2.42 (1.79 - 4.53) 0.015 1.80 (1.96 - 3.38) 

sex (Female vs. male) 0.037 1.81 (1.04 - 3.13) 0.013 2.28 (1.19 - 4.36) 

Diabetes (yes vs. no) 0.007 3.26 (1.41 - 6.29) 0.014 5.06 (1.38 - 6.95) 

eGFR < 60 ml/min/1.73 m2 (yes vs. no) 0.024 1.95 (1.09 - 5.85) 0.018 3.10 (1.50 - 6.43) 

CRP > 3 mg/l (yes vs. no) 0.006 5.50 (1.73 - 7.24) 0.031 2.65 (1.76 - 6.48) 

LVH (yes vs. no) 0.015 3.20 (1.69 - 6.11) 0.024 4.45 (1.78 - 7.67) 

Antihypertensive therapy (yes vs. no) 0.012 0.28 (0.17 - 0.64) 0.002 0.16 (0.12 - 0.64) 

Obesity (yes vs. no) 0.034 1.77 (1.13 - 2.33) 0.381 1.34 (0.69 - 2.58) 

Dyslipidemia (yes vs. no) 0.020 3.50 (1.80 - 7.82) 0.708 1.12 (0.61 - 2.05) 

 - - 0.005 1.402 

*Age > 45 years (males) and >55 years (females). Abbreviations: aOR, adjusted odds ratio; eGFR, estimated 
glomerular filtration rate; CRP, c-reactive protein; LVH, left ventricular hypertrophy. 

 
tion (adjusted OR 3.10; 95%CI 1.50 - 6.43; p = 0.018), inflammation (adjusted 
OR 2.65; 95%CI 1.76 - 6.48; p = 0.031), LVH (adjusted OR 4.45; 95%CI 1.78 - 7.67; 
p = 0.024) and antihypertensive therapy (adjusted OR 0.16; 95%CI 0.12 - 0.64; 
p = 0.002).  

4. Discussion 

The present study carried out in both untreated and treated hypertensive pa-
tients showed that 7 in 10 patients presented with a non-dipping circadian BP 
pattern. Traditional (advanced age, female sex, diabetes) and emerging (inflam-
mation) as well as target organ damage (LVH and reduced kidney function) and 
antihypertensive therapy were significantly associated with the non-dipping pat-
tern in the study population.  

Whatever the antihypertensive therapy status, 7 in 10 patients had a non-dipping 
circadian BP pattern. The frequency of the non-dipping pattern found among 
untreated patients in the present study is higher than that of about 25% usually 
reported in the literature [10] and could be explained by the clustering of mul-
tiple risk factors associated with this abnormal circadian BP pattern. In treated 
patients, the frequency of non-dipping pattern observed in the present study is 
higher than that of 43%, 53% and 61% found Ikama et al. [11] in Brazzaville, 
Congo and Uys et al. [12] in the North-West province, South Africa, respective-
ly. It is, however, similar to that of 72.2% reported by Ivy et al. [13] in 79 patients 
from South Africa of whom 26.6% were receiving antihypertensive medication. 
Apart from the clustering of multiple risk factors, the disparity observed in the 
frequency of non-dipping pattern in different studies could be explained by the 
antihypertensive regimen used in each study. Indeed, in contrast to our study 
where most patients were on monotherapy, combination therapy with at least 
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two drugs, known to more effectively control BP, was the regimen most used in 
the study by Ikama et al. [11] The mechanisms underlying nighttime hyperten-
sion and its correlation with poor prognosis remain still not fully understood. 
Extrinsic and intrinsic factors including abnormal neurohormonal regulation, 
lack of physical activity, nutritional factors such as increased dietary sodium in-
take, and smoking of tobacco have been implicated for the observed blunted cir-
cadian rhythm of BP [14]. However, the two most reported mechanisms include 
the imbalance of nocturnal autonomic nervous system and limited sodium me-
tabolism by the kidneys [15] [16]. 

Older age, female sex, diabetes, inflammation, LVH, reduced kidney function 
and antihypertensive therapy had emerged as the main factors associated with 
the non-dipping pattern. Older age has been reported to contribute to non-dipping 
pattern through associated vascular remodeling and insulin resistance with sub-
sequent activation of sympathetic nervous system and clustering of multiple risk 
factors [17] [18] [19]. Hermida et al. [20] found that older in comparison with 
younger patients were more likely to have a diagnosis of microalbuminuria, 
CKD, obstructive sleep apnea, metabolic syndrome, anemia and/or obesity. The 
association of inflammation with non-dipping pattern has been already de-
scribed in hypertensive patients and could reflect the status of oxidative stress 
and subsequent endothelial dysfunction [21] [22] [23] [24]. Female sex has been 
already identified as an independent predictor of blunted nighttime BP dipping 
and the association between nighttime BP and cardiovascular outcome has been 
recently reported to be stronger in women compared to men [25]. The link be-
tween female sex and non-dipping in our patients aged in average 53 years old 
could be the menopause, condition known to be associated with estrogen defi-
ciency and subsequent clustering of multiple cardiovascular risk factors [25]. 

Non-dipping pattern has been reported to be more prevalent in hypertensive 
diabetics than normotensive ones [26] [27]. In this regard, one study found that 
a 10 mmHg increase in nighttime SBP would be associated with a 35% increase 
in cardiovascular risk among diabetic populations [28]. Renal hemodynamics, 
blood flow distribution, and plasma volume are thought to be affected by hyper-
glycemia state in diabetics [27]. Another plausible mechanism underlying this 
abnormal circadian BP pattern in diabetics could be hyperglycemia-induced ba-
roreflex and autonomic dysfunction [27].  

Non-dipping pattern has been already reported to be associated with more 
severe target organ damage such as CKD and LVH [29]. CKD, defined by GFR 
decline and microalbuminuria, is considered an important contributor to noc-
turnal hypertension [30] [31]. Wang et al. [29] reported in Chinese CKD pa-
tients that 42% and 21.9% of them were non-dippers and risers, respectively. 
Furthermore, Afsar et al. [32] found in a study comparing patterns of dipping 
status in 158 hypertensive patients that 54 of them were non-dippers; among the 
latter, 17 patients had microalbuminuria vs. 9 patients among those with dipping 
pattern. Increased daily salt intake and lower potassium intake is one of the fac-
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tors underlying nocturnal hypertension and leads the kidneys to compensate 
high sodium intake by enhancing natriuresis during the night resulting in con-
tinuous BP elevation until kidney succeed in reducing excess sodium [33]. With 
reference to LVH, Verdecchia et al., [34] found that the risk of having this target 
organ damage was about 4% in patients with dipping pattern and increased to 
15% in those with non-dipping pattern. Increased stimulation of the sympathetic 
nervous system and subsequent activation of the renin angiotensin system and 
abnormal renal sodium excretion contribute to the frequent association between 
the non-dipping pattern and LVH [35].  

Although being on antihypertensive therapy was associated in the present 
study with a less likelihood of having a non-dipping pattern, the proportion of 
patients with this BP pattern was similar in untreated and treated subgroups. 
The dosing of antihypertensive drugs with the majority of patients receiving a 
morning dosing could partly explain the high frequency of non-dipping pattern 
in treated patients. Indeed, a long-acting antihypertensive drug with 24 hours 
duration is generally used as an initial standard treatment of hypertensive pa-
tients in order to maintain BP variability and adherence to therapy [36]. How-
ever, antihypertensive drugs used once daily are rarely effective from the morn-
ing dosing until the following morning. Thus, many hypertensives, especially 
non-dippers on standard treatment, still have raised BP on the morning due to 
the fact that the effect of antihypertensive drugs on the diurnal BP variation rely 
upon not only their mechanism of action but also on the time of administration, 
and the pharmacokinetics and pharmacodynamics of the drugs [37]. Therefore, 
chronotherapy, defined as administering drug while considering the optimal 
time in purpose to enhance drug effectiveness and tolerance, should be consi-
dered in hypertensives to reduce nocturnal hypertension and subsequent mor-
bidity and mortality [38]. In this regard, the MAPEC study [38] showed after 5.6 
years of follow up the bedtime dose achieved better overall BP control and pa-
tients taking more than one drug at bedtime showed significantly relative risk 
total CV events vs. those taking all drugs in the morning. The beneficial effects 
of the chronotherapy in hypertensive patients has been shown with renin angi-
otensin system inhibitors and calcium channel antagonists either alone or in 
combination [39]. However, this assumption has been considered inaccurate by 
de la Sierra et al. [1] who found no differences in relative nocturnal BP decline 
when comparing patients taking medication in the morning, the evening, or 
twice a day. Moreover, the proportion of patients receiving all or part of their 
medication at night was not different between dippers and non-dippers.  

The interpretation of the findings of the present study should take into ac-
count of some limitations. First, its cross-design, which precludes conclusions 
about causal relationships, and the classification of dippers and non-dippers 
with a single 24-hour ABPM. Second, the small sample size did not confer much 
power to statistical tests to detect potential associations between variables of in-
terest and preclude, in addition to the hospital-based characteristic of the study, 
the generalization of the findings to all hypertensive patients.  
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5. Conclusion 

Non-dipping that encompasses dippers and reverse dippers was the circadian BP 
pattern most frequently encountered in the present study. In addition to antihy-
pertensive therapy, traditional and emerging risk factors as well as target organ 
damage were the main factors associated with this abnormal circadian BP pat-
tern.  
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